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ABSTRACT

This paper reports the chemical analyses performed from 1981 through 1985
on 991 rocks and 25 stream sediment samples from the Lake City caldera and
surrounding mineralized areas including the Galena and Lake Districts of
Hinsdale County. The region includes three areas administered by the Bureau
of Land Management and designated as Wilderness Study Areas: Redcloud Peak,
Handies Peak, and American Flats. The rocks analysed are mainly samples of
epithermal veins and altered volcanic rock. Element anomalies are plotted on
maps at scale of 1:100,000.

INTRODUCTION

This report presents the results of chemical analyses of samples from the
Lake City area of Colorado (plate 1, fig. 1). This area includes three Bureau
of Land Managemant Wilderness Study Areas: Redcloud Peak, Handies Peak, and
American Flats. To expedite the timely consideration of this information for
the Wilderness Program, the data are being released as a separate report
without interpretation.

The Lake City area covered by the present data includes the 23 m.y. Lake
City caldera, the 28 m.y. Uncompahgre caldera in which it is nested, and
surrounding older Tertiary volcanics and Precambrian granite (plate 1, fig.
1). The geology of the area has been discussed in numerous papers (e.g.
Lipman and others, 1973; Steven and Lipman, 1976; Sanford and others, in
press). Detailed geologic mapping has been done by Lipman (1976) and Hon (in
press). The study area includes two mining districts, the Galena and Lake
Districts, plus Burrows Park and other areas of mining activity adjoining the
Eureka and Mineral Point Districts, which are west of the study area. Mineral
deposits have been decribed by Irving and Bancroft (1911), Brown (1926),
Burbank and Luedke (1968) Krasowski (1976), Lipman et al. (1976), Slack (1976,
1980), Korzeb (1986), and Sanford and others (in press).

DESCRIPTION OF SAMPLES

The 1016 samples include 462 samples analysed by the U.S. Geological
Survey (USGS) and 554 by the U.S. Bureau of Mines (USBM). Most samples are
from mineralized veins and altered host rocks. Some are from mine workings,
some from mine dumps, and others from unprospected veins. Twenty-five of the
samples are stream sediments collected from the interior of the Lake City
caldera. Analyses of several representative country rocks are included for
comparative purposes. Virtually all mineral deposits and mineralized areas in
the Lake City caldera and immediately adjacent areas were sampled, although
not all samples were analysed. The only significant deposits not represented
here are the Ute-Ulay Mine (Slack, 1976 and 1980), the Golden Wonder Mine
(Kalliokoski and Rehn, in prep.) and the Red Mountain alunite deposit (Bove,
in prep.).

The samples were collected during the field seasons of 1980 through 1984
by a number of geologists. Because many localities were visited by different
geologists at different times, the same locality sometimes received several
different identifying numbers. For this reason each locality was given a
unique three digit location number. These location numbers are on plate 1 and
in each data table.



ELEMENT MAPS

Element concentrations and distributions are shown on a series of maps
(figs. 2-42) at a scale of 1:100,000. Table 1 accompanies these figures and
shows the concentration ranges represented by each size symbol as well as the
minimum, maximum and threshold values for each element.

The threshold values for each element ideally is the concentration level
that separates background values from anomalous values. Threshold values were
obtained from several sources, and the prefered value is shown in Table 1.

The primary source was the USGS Rock Analysis Storage System (RASS) (VanTrump
and Miesch, 1977). The mean plus two standard deviations was calculated for
each reported element separately for rhyolites, andesites, trachytes, latites,
and dacites from the southern Rocky Mountain region. Typically the highest of
these values was chosen for the threshold value. If data on a particular
element was not available from RASS, one of three literature sources was used,
Goldschmidt (1954), Turekian and Wedepohl (1961), or Taylor (1964), as
indicated in Table 1.

A range of concentrations was assigned to different sized plotting
symbols in figures 2-42. Typically the smallest symbol indicates values below
the detection limit or below the threshold value. The largest symbol generally
indicates highly anomalous concentrations, usually more than about two orders
of magnitude times the threshold value. The middle-sized symbol usually
indicates slightly to moderately anomalous samples. Separate histograms were
plotted for each element in each data set. Histograms of both logarithms and
raw values were examined. Many elements showed bimodal behavior, and in these
cases a division between moderately anomalous and highly anomalous
concentrations was made at the frequency minimum. In other cases, a few
samples were conspicously higher than all the rest, and a division was made to
isolate this group. Histograms and other statistical treatments of the data
Wwill be presented in future reports.

To give help distinguish mineralized from unmineralized samples and to
give an overview of the distribution and degree of base metal mineralization,
an "index of mineralization" was calculated and plotted in figure 42,
Essentially this index represents the degree of enrichment of typical
hydrothermally deposited base metals. It was calculated from the formula,
(As/2+Cu/136+Pb/69.1+Zn/119) /4. The numbers in the denominators are the
threshold values in ppm (from table 1) for the respective elements. Values of
this index of 1 or less indicate essentially unmineralized samples; values
greater than 1 indicate more or less mineralized samples. Ag, Bi, Sb, and
similar elements are closely related to this base metal suite. However, this
index does not necessarily reflect U, Au, Th-REE-P or other suites of elements
that are only weakly associated with base-metal mineralization.

ANALYTICAL TECHNIQUES

Ninteen different analytical techniques were used to analyse for 55
different elements and the components Fe+2, H20+, HZO—, sulfide S, sulfate S,
and C02. Table 2 summarizes the sample sets and elements that were analysed
by each technique. Details of analytical techniques are given below and in
Sanford and Seeley (1987). One set of USGS samples (LCCHEM, table 2) was
analysed for a large suite of elements by inductively coupled argon plasma
atomic emission spectroscopy (ICP, table 3), for gold by atomic absorption
(table 4), for common rock-forming elements by X-ray fluorescence (table 5),



and for 10 species by various single-element "supplimental™ techniques (table
6). Another set of USGS samples (WILD, table 2) was analysed for a suite of
elements by 6-step semi-quantitative DC-arc emission spectroscopy (table 7)
and by an HCl/H202 extraction-inductively coupled argon plasma atomic emission
spectroscopic technique refered to as the "A to Z" technique (table 7).
Stream-sediment samples, sieved using 80-mesh stainless steel screens, were
analysed also by 6-step semi-quantitative DC-arc emission spectroscopy (table
8). Selected samples from both LCCHEM and WILD data sets were analysed for
Ag, As, Au, Bi, Ga, Hg, In, Sb, Sn, Te, and Tl by a high current, inert
atmosphere, semi-quantitative, DC-arc emission spectroscopic technique
developed by J.L. Seeley (Sanford and Seeley, 1987) (table 9) and for U and Th
by delayed neutron activation (table 10). USBM samples (BOM, table 2) were
analysed by fire assay for Ag and Au, X-ray fluorescence for Ba, inductively
coupled argon plasma emission spectroscopy for Cu, Mo, Pb, and Zn, atomic
absorption for As and Sb, and semi-quantitative emission spectrocopy for B,
Be, Ca, Cd, Li, Mn, and Sr (table 11).

Table 12 lists all the samples and their analyses using the "best" values
for each element. Samples are listed first by location number and second by
decreasing index of mineralization.

Tables 13-15 are intended to help the reader locate specific samples.
Table 13 has location numbers listed by sample number and can be used in
conjuntion with plate 1 for finding the location of a particular sample if the
sample number is known. Table 14 is a similar list for USBM samples in order
of field number. The USBM sample numbers are the report numbers of Korzeb
(1986). Table 15 contains additional information on sample locations.

Approximate detection limits (table 2) as given by the analysts should be
used with caution. Where an element has several detection limits, the lowest
one is reported in this table. The detection limits vary depending on
variations in analytical technique between labs and at different times, on
interferences from coexisting elements, on differences in digestion, and other
factors. Extreme examples of these variations are: the detection limit for Th
by delayed neutron activation varies from 0.61 to 15,000 ppm depending on the
amount of U in the sample; the lowest value of Sr by semi-quantitative
emission spectroscopy is 100 ppm as reported by the USGS but only 1 ppm as
reported by the Bureau of Mines for the same technique; Ba determined by ICP
may be under-reported in samples having much reduced S, because BaSOu forms an
insoluble precipitate during analysis. Similar cautions apply to precision
and accuracy of the results.

Inductively coupled argon plasma-atomic emission spectrometry (ICP).--For
those geologic samples analyzed by ICP, 50 elements are determined
simultaneously on multi-acid, low temperature digests of sample materials.
Because some elements have no detectable concentrations, only 42 elements are
reported here (table 3). Matrix interferences due to spectral line overlap
and background shifts are minimized by appropriate background correction and
mathematical inter-element corrections. Relative standard deviations (RSD) of
semi-quantitative data by this method are typically on the order of 15%,
whereas quantitative data usually represent precision of better than 2% RSD.
Detection limits for the most commonly occurring trace elements range from 1-
10 ppm. Precision of the major element determinations (Al, Fe, Mg, Ca, Na, K,
Ti, P) is adequate for most studies; however, data on Si is not usually
reported due to its loss during sample preparation. Description of the multi-
channel ICP polychromator, analytical wavelengths, operating conditions,




sample preparation, and accuracy and precision of the method have been
reported by Crock and others (1983).

Extractable gold-atomic absorption.--Au was determined using a
modification of the procedure of Thompson and others (1968) using solvent
extraction and atomic absorption spectrophotometry. Results are listed in
table 4. Ashed samples are digested in HBP/Br2, the complexed Au is extracted
with methyl isobutyl ketone (MIBK), and the Au concentrations are determined
by analysis of the MIBK using standard flame atomic absorption procedures.
This digestion frees most forms of Au found in nature, the main exception
being Au species occluded by silicate phases.

X-ray fluorescence spectroscopy.-—-Analyses for common rock-forming
elements by X-ray fluorescence are listed in table 5. Only the least altered
and mineralized host rocks were analysed by this technique. Ore samples were
not analysed. The technique is described in detail by Taggart and others
(1981). An 0.8 gm powdered (<100 mesh) portion of each sample is weighed into
an ignited, tared, platinum-gold crucible. The samples are ignited for 20 min
in a muffle furnace at 925°C, cooled in a desiccator, and reweighed. The
weight loss is reported as loss on ignition. Next, the samples are fused with
lithium tetraborate flux into glass discs using an automatic fluxer heated in
a muffle furnace at 1120°C for 17 min The discs are analysed with a Phillips
PW1600 wavelength-dispersive simultaneous X-ray spectrometer. Samples are
irradiated by a rhodium target end-window tube operating at 35 kilovolts and
60 milliamps at a vacuum of less than 0.2 mm of mercury. Counting time is 100
sec. Corrections are made for interelement matrix effects, and the instrument
is calibrated using 30 international geological standards. Precision and
accuracy are thought to be comparable to those reported in Taggart and others
(1981).

CO,—coulometric titration.--Samples analysed for 002 (table 6) are
digested with 2M perchloric acid, and the 002 evolved is collected in a
coulometric cell where it is converted to a strong titratable acid by
ethanolamine. The acid is automatically titrated with a coulometrically
generated base, and the endpoint is detected colorimetrically (L.L. Jackson,
USGS, personal communication, 1986; Engleman and others, 1985).

F-ion-selective electrode.--Sample analysed for F (table 6) were fused
with sodium hydroxide and the fusion cake disolved in water. The basic
solution is buffered with ammonnium citrate to about pH 6. The fluoride is
determined with a calibrated ion selective electrode (L.L. Jackson, USGS,
personal communication, 1986; Hopkins, 1977).

Fe' -potassium dichromate titration.~~Fe+2 analyses (table 6) were done
according to the method of Peck (1964). The sample (0.5 gm) is boiled with HF
and H2804 in a platinum crucible. After about 10 minutes of boiling, the
crucible is immersed in a solution of boric, sulfuric, and phosphoric acids.
This solution is titrated with potassium dichromate using an automated
potentiometric titrator with a platinum indicator electrode (L.L. Jackson,
USGS, personal communication, 1986).

Water-Karl Fischer titration.--Moisture or nonessential water (H20~,
table 6) is determined by heating the sample at 110°C and coulometrically
measuring the evolved water in a Karl Fischer titration (L.L. Jackson, USGS,
personal communication, 1986; Norton, 1982). Essential or bound water (H20+,
table 6) is determined by difference using the total water and nonessential
water concentrations. The total water content is determined by heating 50 mg
of sample with 150 mg of lead oxide and lead chromate flux at 900-950°C. The




evolved water is coulometrically determined with a Karl Fischer titration
(L.L. Jackson, USGS, personal communication, 1986, Norton, 1982).

Hg-cold vapor cell.--Hg was determined using a cold-vapor cell flameless
atomic absorption spectrometric methodology originally reported by Hatch and
Ott (1968) and later modified by Huffman and others (1972) (table 6). Powdered
samples are digested under oxidizing conditions. Hg is reduced to the
elemental state and aerated from solution onto a silver screen where it is
amalgamated. The silver screen is subsequently heated, releasing Hg vapor
which is then swept through a cold-vapor absorption cell where absorption
measurements are taken. The Hg concentrations are calculated from these
measurements. An automated continuous-flow version of this methodology has
been developed by Crock and others (1986), in which the sample digest is mixed
with air and then sequentially with a complexation-reducing solution and a
stannous chloride solution, and then passed through a gas-liquid phase
separator. Absorption measurements on the mercury vapor are made as
previously described. Short-term precision is 1-2% RSD; the detection limit
is 0.02 ppm Hg.

Automated S analyser.--Total S, sulfide S, and SOy (table 6) are
determined using a Leco SR132 automated S analyser (L.L. Jackson, USGS,
personal communication, 1986). One split of the sample (0.25 gm) is combusted
with V50g (1 gm) as an accelerator in an oxygen atmosphere. An infrared
detector measures the 302 evolved. Sulfate S is determined by leaching a
second split of the sample with HCl. BaSOy is precipitated from the leach
solution, and the precipitate is analysed for total S as above. The residue
remaining after the HC1 leach is leached with HNO,. BaSOy is precipitated
from the final solution, and the precipitate is analysed for total S, which is
reported as sulfide sulfur. The precision in measurement of total S varies
from 0.04 to 0.4% depending on the amount of S present (L.L. Jackson, USGS,
personal communication, 1986).

Whereas the total S values should be reasonable and should include all
forms of S, the sulfide and sulfate sulfur values may be seriously in error.
The sulfide sulfur determination probably measures accurately the S in pyrite
but not all the S in sphalerite or galena. Much of the sulfur in sphalerite
and galena probably goes off as H,S during the HCl leach and is not reported
at all. Barite is essentially insoluble in both acids, and this sulfate is
not reported as sulfate, although it should be included in the total S.
Sulfur reported as sulfate probably represents small amounts of S from
sphalerite and galena that was not lost as HZS during the HC1 leach.

Sb-hydride generation-flameless atomic absorption.--Sb was determined via
an automated hydride generation-atomic absorption spectroscopic technique
(Crock and Lichte, 1982) (table 6). Sample materials were digested in
sulfuric, nitric, hydrofluoric and perchloric acids. A hydrochloric acid
solution of the resulting evaporates are mixed with reducing agents, further
acidified with hydrochloric acid, and treated with a sodium tetrahydroborate
solution to form the volatile hydride, stibine. The hydrides are passed
through a gas/liquid separator and decomposed in a heated quartz tube
positioned in the optical path of an atomic absorption spectrometer. These
absorption measurements are used to calculate concentrations. Interferences
are minimized such that most geological materials can be analyzed directly
without the use of standard additions. Analytical precision is better than 2%
RSD at the 50 ppm Sb level.




DC-arc emission spectrographic semi-quantitative (6-step) analysis.--The
semi-quantitative optical emission spectrographic method of Myers and others
(1961) was used for one USGS sample set consisting of mineralized rocks (table
7) and stream-sediment samples (table 8). Samples are analyzed directly as
powders with analytical data being generated by the visual comparison of
emission line intensities between samples and synthetic standards. Elemental
concentrations in the standards are geometrically distributed over any given
order of magnitude of concentration as follows: 1x10%, 2x10%, 5x10%, 10x10%,
where x typically ranges from -3 to +4. Samples whose concentrations are
estimated to fall between those values are assigned intermediate values, i.e.,
1.5x10%, 3x10%, and 7x10%. The precision of the analytical method has been
reported by Matooka and Grimes (1976), as being plus or minus one reporting
interval at the 83% confidence level, and plus or minus two reporting
intervals at the 96% confidence level. This procedure was modified to
evaluate only the 31 elements used in the USGS's exploration geochemical
program (Grimes and Marranzino, 1968).

HC1-H,0, extractable metals-ICP (A-Z).--Extractable concentrations of Ag,
As, Bi, Cd, Cu, Mo, Pb, Sb, and Zn were determined on a hydrochloric acid-
hydrogen peroxide (HCl/H202) digest analyzed by ICP (Crock and others, 1986)
(table 8). The HCl/H 0, sample digestion is a modification of the procedure
of O'Leary and Viets %1986), which has been reported to solubilize most non-
silicate bound metals found in geologic materials. This extraction solution
is analyzed directly for all specific elements simultaneously on a multi-
channel ICP polychromator. The instrument, analytical wavelengths, and
operating conditions have been reported by Crock, and others (1983). A review
of the application of this technique has been reported by Crock and others
(1986).

High current inert atmosphere DC-arc emission spectrographic semi-
quantitative analysis.--Analyses of geologic materials for the chalcophile
elements at trace levels of concentration are typically very labor-intensive,
costly, and time-consuming. A recent development by J.S. Seeley in DC-arc
optical emission spectrography (Sanford and Seeley, 1987) has made it possible
to determine these elements simultaneously in silicate matrices at
significantly lower levels of detection than before. Eleven chalcophile
elements (Ag, As, Au, Bi, Ga, Hg, In, Sb, Sn, Te, and Tl) were determined by
this DC-arc technique (table 9). All are directly determined simultaneously
in 50-60 mg of sample with detection limits generally in the range of 0.05-1.0
ppm. This improvement has been accomplished by (1) using a high-current (30
amp.) DC arc for excitation in an inert atmosphere (argon), (2) optimizing the
excitation parameters of the arc, and (3) optimizing the spectrograph for
maximum light efficiency over the wavelength range of 220-330 nm at a
reciprocal linear dispersion of 0.25 nm/mm. Spectra are recorded on readily
available, comparatively inexpensive Spectrum Analysis No. 1 Kodak
spectroscopic plates. A comparison of the new detection limits with those of
the routinely used 6-step spectrographic analysis reported in wilderness study
reports is given in Sanford and Seeley (1987).

Delayed neutron activation.--U and Th are measured by delayed neutron
activation analysis (table 10). Delayed neutron counting is a rapid,
instrumental analytical method employing neutron irradiation to induce nuclear
transformation of certain elements into radioactive nuclides (D.M. McKown and
H.T. Millard, Jr., USGS, personal communication, 1986). Following
irradiation, specific radiations emitted from these radiaoactive products are
measured as an indicator of parent element abundance. Powdered samples




(10 gm) are loaded into tared polyethylene snap-top bottles which are then
weighed and heat-sealed. Reusable U and Th-doped internal standards are
prepared in similar fashion and calibrated against a set of standard reference
rocks. During the measuring run, each sample is sequenced through two
irradiation counting cycles. For the first cycle, a sample is pneumatically
tranferred to a Cd-lined (fast-flux) irradiation terminus, irradiated for 1
min., and returned to the neutron counting assembly. After a decay period of
5 sec. following the end of irradiation, the sample is counted for a 5 sec.
interval and then counted for a 60-sec. interval beginning 20 sec. after
irradiation. The second irradiation-counting cycle utilizes a bare (thermal
flux) irradiation terminus but an identical irradiation, decay, and counting
schedule as the first cycle. Counts are corrected for dead time and
background, normalized to 60.0 sec. of counting time, and adjusted for inter-
element interferences. Precision is estimated to be 5 and 10% RSD for U and
Th, respectively. Determination limits and precision for Th become worse as
the Th/U ratio decreases below about 3 (D.M. McKown and H.T. Millard, Jr.
USGS, personal communication, 1986). The elements, F, Be, Li, B, Cd, and Gd,
which can produce analytical difficulties, are generally not present in
harmful amounts in the rocks analysed here.

Fire assay.--Au and Ag in USBM samples were analysed by fire assay (table
10). As described by W. Barry (USBM, personal communication), a one assay ton
sample (29.166 gm) is fused with litharge, soda, borax glass, silica, and
flour at a temperature of 1050°C for about one hour. After the lead
containing the Au and Ag is separated from the slag, the sample is cupelled at
about 850°C to separate the Pb from the Au and Ag. The Dore bead containing
the Au and Ag is then weighed to the nearest 0.01 mg and treated with dilute
HNO, to dissolve the Ag and leave behind the Au. The Au bead is then weighed
to the nearest 0.001 mg. The Ag value is determined by difference.

X-ray fluorescence.--Ba in USBM samples was analysed by X-ray
fluorescence (K. Stever, USBM, personal communication) (table 10). Samples
are first run using a rapid survey method whereby powdered samples are poured
into sample holder and analysed by direct comparison to certified standards.
The standards cover a range of Ba values from 0.001 to 0.24 per cent. Samples
are counted using a Rh-target X-ray tube at 50 kV and 200pA with a Sn primary
beam filter. The BaKa to Compton scattered RhKa tube line intensity ratio is
compared to that of the standards. Ba results are accurate to about (0.003
per cent absolute plus 10 percent of the amount present). After all samples
have been analysed by the survey method, samples having concentrations more
than 0.1 per cent are re-analyzed using a fused borax bead-internal standard
method. Two grams of samples plus 10 gm of Na5B)0-; flux containing 2 percent
Ce0, are fused at 1100°C and the melt cast into a button. The button is
counted under identical conditions used for the survey method except that CeKa
is counted instead of the Compton scattered RhKo tube line, and the BaKa/CeKo
intensity ratio 1s compared to synthetic standards also fused in the same
manner. The analytical range for this method is 0.1 to 55.0 per cent Ba, and
the accuracy is #(0.02 per cent absolute plus 2 per cent of the amount
present).

ICP--Analyses of USBM wilderness samples by inductively coupled argon
plasma emission spectroscopy are reported in table 10. According to W. Barry
(USBM, personal communication), a 0.5 gm sample is digested in a Teflon beaker
with HNO3, HCl, and HF. After the sample is taken to dryness, the sample is
brought up to 50 ml in dilute acid. Scandium (40 ym/ml) is added as an
internal standard. The solution is analysed on a model Q-137 ARL Inductive




Coupled Emission Spectrometer, which reports 44 elements simultaneously.
Typical detection limits vary from 1 to 100 ppm depending on interferences
with associated elements.

As-Sb-atomic absorption.--As and Sb in USBM samples (table 10) are
determined by the method of Clark and Viets (1981) modified by G. Elliot
(USBM, personal communication, 1986). Samples (0.5 gm) are disolved in HCl
and HNO,. They are then taken barely to dryness with concentrated HCl, taken
up with 4N HC1 and warmed for 1 hour. Extracting solution (KI, KBr, NaCl,
ascorbic acid, and HZO) is added and allowed to complex for 30 min. The
metals are then complexed with MIBK, hexane, Aliquat 336, and Alamine 336.
Standards are prepared in similar fashion. Analysis is by standard atomic
absorption methods. Accuracy is about 10% RSD for samples containing 300 ppm
to 0.66 per cent As or Sb. High concentrations (in the per-cent range) of Ag,
Cu, and Pb may lower the accuracy.

DC-arc emission spectroscopy.--The remaining elements (table 10) were
analyzed by semi-quantitative DC-arc emission spectroscopy (C. Davis, USBM,
personal communication). Samples are crushed and ground to -200 mesh. A 1:1
mixture of pure carbon and Ge metal (69 mg) is mixed with 9 mg of sample.
Then 26 mg of the mixture is placed in a 1/8 in diameter graphite electrode
furnace, pre-arced for 5 sec, then arced for 60 sec in an Atomcomp model 750
Jarrell-Ash 0.5 m spectrograph. Data are gathered using a direct reader with
photomultiplier tubes at fixed preset angles. Data are averaged from 2 to 3
replicate analyses. Raw data are corrected for background, interelement
interferences, and line overlap. Ge is used as an internal standard. Results
are accuarate to x(a factor of 2).
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Table 1

Table 1. Element Ranges, Plotting Symbol Sizes, and Threshold Values for
Determining Anomalies (concentrations in ppm unless otherwise noted)

Symbol size for grouping Thresh- *gig.
Range values plotted on figure hold Source No.
Element  Min Max .05m* .125m .20
Ag .1 10,000 .1-2.5 2.5-10,000 a0 2
A1203% .038 28.33 No figure 18.5 2
As 3 23,000 5-310 310-23,000 2 1 3
Au .1 1600 .1-.85 .85-1600 .004 1 4
B 10 >2000 10-101 101-2000 >2000 101 2 5
Ba 2 >100,000 2-490 490-3966 3966->100,000 3966 2 6
Be 1 200 1-8.8 8.8-200 8.8 2 7
Bi .5 7900 .5-65 65-7900 A7 03 8
ca% .01 34 L01-7.7 7.7-34 7.7 2 9
Cd .1 5000 Jd-.22 .22-170 170-5000 .22 1 10
Ce 8 750 8-430 430-750 430 2 1"
Co 2 100 2~-4y 44-100 uy 2 12
CO2% .01 1.03 No figure 1.64 2
Cr 2 33 No figure 250 2
Cu 2 58,000 2-136 136-1600 1600-58,000 136 2 13
Dy 8 28 8-11 11-28 11 2 14
Er 8 43 8~43 7 1 15
Eu 8 28 8-28 3.3 2 16
F% .05 .25 No figure .58 2
Fep% .0h 25 .04-3,25 3.25-8.39 8.39~-25.0 8.39 2 17
Fe+2% .07 U7 No figure 4.86 2
Ga .5 200 .5-33 33-200 33 2 18
Gd 20 70 20-T0 12 2 19
Hg N o1 50 L1-1.6 1.6-50 .09 1 20
HZO_% .18 2.57 No figure 3.3 2
H0 % .03 1.18 No figure 1.38 2
In 5 200 .5-26 26-200 .26 1 21
K50% .09 10.1 .09-5.52 5.52-10.1 5.562 2 22
La Yy 490 4-155 155-490 155 2 23
Li 8 10,000 8-40 40-210 210-10,000 40 1 24
Mg% .01 2.3 No figure 3.51 2
Mn 8 >100,000 8-1455 1455-27,000 27,000->100,000 1455 2 25
Mo 4 3100 4-9 9-235 235-3100 9 2 26
Nazo% .0135 4.99 No figure 4,97 2
Nb 8 79 8-54 54-79 5L 2 27
Nd 8 240 8-87 87-240 87 2 28
Ni y 50 No figure 135 2
P% .01 1.7 .01-.403 LU03-1.7 403 2 29
Pb 10 110,000 10-69.1 69.1-1932 1932-110,000 69.1 2 30
Pr 20 70 20-21 21-70 21 3 31
Sth .07 26.9 No figure 275 2
Sb 2 3400 2-26.8 26.8~-77 77-3400 26.8 2 32
Se y 37 No figure 40 2

11



Table 1. (continued)
Symbol size for grouping

Range values plotted on figure
Element  Min Max .05 " .125" 20"
S10,% 45.8 96.8 No figure
Sn 1 500 1-33.8 33.8-500
Sr i 7000 4-720 720-2575 2575-7000
Te 3 >1000 3-16 16->1000
Th 1.4 3830 1.4-24.,9 24,9-1000 1000-3830
Ti% .002 1.33 No figure
T1 .3 >100 .3-2.3 2.3-100 >100
U .093 66,200 .093-9.09 9.09-1000 1000-66,200
v l Lo 4-277 277-440
W <150 150 150
Y u 130 No figure
Yb 2 6 No figure
Zn 3 >200,000 0-119 119-7000  7000->200,000
Zr 10 1000 No figure
Index .312 2978 0-1.0 1.0-100 100-2978

Thresh-
hold

Source

76.3
33.8
257
.0018
24.9
.902
2.3
9.0
277
2.2
137
12.9
119
505
1.0

*
Smallest symbol includes all "less than" values as well as the values
indicated in this column.

¥ Sources:
(1) Turekian and Wedepohl (1961)
(2) RASS data set, see text.

(3) Taylor (1964)

(4) Goldschmidt (1954)
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33
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35
36

37
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39
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41
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Table 2., Analytical Techniques and Detection Limits for Lake City Rock

Analyses"‘ '’

Type of Analysis
Data (3)
Set ICP 6St XRF A-Z JS Sup DNA AA FA

LCCHEM X X X X X X
WILD X X X
BOM X X X X X

Detection Limits (ppm)
El. ICP 6St XRF A-Z £§ Sup DNA AA FA

Ag y 0.5 0.1 1.7
Al <200 (2)

As 20 700 5 5 2
Au 20 15 0.2 0.1 0.17
B 10

Ba 2 20 50

Be 2 1

Bi 20 10 2 0.5

co, 100
Ca 100 500 (2)

cd 4 30 0.1

Ce 8

Co 2 5

Cr 2 10

Cu 2 5

Dy 8

Er 8

Eu 4

F 500
Fe*e <900
Fep <400 <700 (2)

Ga 8 .5

ad 20

H20" <1800
H20~ <300
Hg 0.3 (2)
In 0.5

K 1000 (2)

La 4 30

Li TR

Mg 100 700 1000

Mn 8 8 200

Mo Yy 5

Na 100 1500

Nb 8 20

Nd 8

Ni il 5
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Table 2. Detection Limits (ppm) (continued)

El. ICP 6St XRF A-Z JS Sup DNA AA FA
P 100 500

Pb <11 10

Pr 20

S <100

SO3 300

ST <700

Sb 100 2 5 (2)

Sc b 5

Si (2)

Sn 40 10 1

Sr y 1

Te 3

Th 8 (3)
Ti 100 20 (2)

T1 0.3

U 200 .15(3)
\' y 10

W 50

Y y 10

Yb 2

Zn 40 2 2

Zr 10

(1) Detection limits are those reported by the analysts. Where detection
limits are variable, only the lowest is reported here. Limits for XRF are
"determination limits," i.e., lower values can be detected but are not
reported.

(2) No samples from the present data have less than the detection 1imit for
these particular techniques and elements.

(3) Th detection limits are a function of the amount of U present and are
highly variable.
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